T he radiological features of the cement mantle around total hip replacements (THRs) have been used to assess aseptic loosening. In this case-control study we investigated the risk of failure of THR as predictable by a range of such features using data from patients recruited to the Trent Regional Arthroplasty Study (TRAS).
Aseptic loosening is a major complication of cemented total hip replacement (THR) and certain aspects of the surgical technique are thought to contribute to its incidence. [1] [2] [3] [4] [5] There is evidence that, with modern cementing techniques, there has been an improvement in the radiological appearance of cement mantles which suggests that the quality of the cementation is better. 1, 6, 7 The latter has been graded in various ways, some of which have been found to be complicated and difficult to reproduce. 8, 9 Previous studies concerned with the analysis of postoperative radiographs after THR have attempted to identify features of the cement mantle which may be associated with failure. These surveys, however, have been carried out in single, specialised centres or by individual surgeons with a specialist interest in hip surgery. 10, 11 There are no equivalent reviews based on more representative data, for example from multiple centres providing routine management within the National Health Service (NHS). Our aim therefore was to investigate associations between radiological features of the cement mantles in failed THRs in an NHS region which includes several orthopaedic centres.
Patients and Methods
The study was of an unmatched case-control design. Both cases and controls were drawn from patients who had undergone a cemented Charnley THR in 1990 and who were registered in the Trent Regional Arthroplasty Study (TRAS) which is the first regional hip register of its type in the UK. From the outset it has recorded all primary total hip and knee replacements carried out throughout the region, and collected data concerning the clinical, medical and operative details of each patient.
During 1990, in the Trent Region, 1198 Charnley THRs were carried out by 56 consultants in 18 NHS and six private hospitals. The five-year outcome was known for 1080 (90%), of which 499 underwent clinical and radiological assessment by an independent surgeon. 12 For the remainder, information was obtained from telephone and postal questionnaires, and the notes of the hospital or general practitioner.
We identified 44 failures due to aseptic loosening among the total series of 1198, comprising some which had already been revised or were awaiting revision and including some previously undiagnosed cases in which there was gross radiological evidence of loosening. The failures due to loosening of the stem were chosen for this study, and those caused by loosening of the cup alone were excluded.
A random sample of control THRs, in which early aseptic loosening had not occurred, was drawn electronically (Epi Info 6 Software; Centres for Disease Control and Prevention, Atlanta, Georgia) from the Charnley THRs carried out during this year and registered in the TRAS database.
The initial postoperative radiographs of hips and of control cases were assessed by a clinician independent of the TRAS register. Any subsequent films contained in the radiograph folders were not studied before analysis of the initial postoperative films. The observer was, therefore, unaware of the outcome for individual THRs at the time of assessing the initial radiographs. This assessment used three systems: the Universal system of clinical and radiological terminology, 13 the cementation grading system of Barrack et al 1 and a radiological evaluation system devised by Ling (personal communication) (Table I) . If the initial postoperative radiographs were of poor quality information was obtained from those next available, usually taken six weeks later. Only the anteroposterior (AP) views were studied since lateral films were often absent or of poor quality. Exactly the same methods of assessing radiographs were applied to both the study group and the control cases. Radiological analysis. A single form was developed to record features relevant to the three methods of assessment of the AP radiographs. Defects in Gruen zones. The seven zones of Gruen, McNeice and Amstutz 14 were analysed to determine a) the number and width of radiolucencies related to the cement mantle at the cement-prosthesis and cement-bone interfaces and b) the presence of a cement mantle less than 2 mm wide, or one containing areas devoid of cement. Stem-cortex contact. This was noted. Angulation. Angulation of the stem was evaluated from measurement of the angle between the central axes of the stem and the upper femur by superimposing a template, constructed for the Charnley prosthesis, with a straight 'line of best fit' passing between the mid-points of the upper femoral canal.
Grade of cementation. The grading system of Barrack et al 1 divides the quality of cementation into four groups in which A is deemed to be the most complete filling (a 'white-out'), B shows slight defects at the cement-bone interface, C has a radiolucency of 50% to 99% of the cement-bone interface or a defective or incomplete mantle, and D has 100% lucency or failure to cover the tip of the stem. Statistical analysis. Chi-squared tests were used to test the probability of obtaining the observed data by chance, and odds ratios were calculated to estimate the relative risk of failure for different factors. Fisher's exact tests were undertaken instead of chi-squared tests for features which occurred with low frequency.
Results
A total of 22 sets of radiographs of adequate quality was retrieved for failed THRs along with 60 control sets. The number of controls was deliberately chosen to be about three times larger than the number of available cases in order to increase the power of the study. Comparison of the diagnosis, age and gender distribution of the patients between the study and control groups did not show significant differences (Table II) . Certain features were significantly associated with failure and are presented in order of importance. Grade of cementation. The range of grades of cementation achieved for the stem failures and controls are shown in Figure 1 . The grade was dichotomised by pooling the two best grades, A and B, and also the two worst, C and D. This decision was made on the basis of the distribution of the data, since there were relatively few cases in the two extreme categories. After defining grades A and B as 'adequate', and grades C and D as 'inadequate', 69% of failed stems were judged to have inadequate cementation compared with 19% of the control cases. The odds ratio for inadequate cementation as a risk factor for failure was 9.5 (Tables III and IV) . Defective mantle. Most (95%) of the failures had a width of cement mantle which was less than 2 mm in any Gruen zone. This feature gives an odds ratio for failure of 21.0 (Table IV) . Only 50% of the control group had a mantle which was wider than 2 mm in all zones (Table III) . The seven Gruen zones were also analysed individually (Fig. 2) . For each zone, we defined a mantle width of less than 2 mm, or one containing an area devoid of cement, as 'defective'. In all zones the failures had a greater prevalence of defective mantles but, with the limited number of cases, the difference only reached statistical significance in zone 2 (Table IV) . Radiolucencies at the cement-bone interface. The greater prevalence of radiolucencies at the cement-bone interface in the failure group is shown in Table III . This difference was significant. The odds ratio for one or more radiolucencies at this interface as a risk factor for failure was 4.0 (Table IV) . Other features. Stem-cortex contact and stem angulation >4° varus or valgus were more prevalent among the failures than the control cases, but did not reach statistical significance (Table IV) .
A summary of the findings for all the radiological features which were studied, including estimates of odds ratios, is presented in order of importance in Table IV .
Discussion
The data in our study were derived from the only hip register of its type in the UK. This allowed us to examine the results in the wider setting of the NHS, rather than from individual surgeons or specialised units. All the THRs which were studied were implanted during the same year and were reviewed after an equal period of time (five years) by an independent surgeon. This unique population also underwent independent radiological analysis. The reliable radiological assessment of cementing techniques is difficult. Some cases were excluded because of the poor quality of the radiographs and because of the lack of lateral views: we used AP views alone. The sensitivity of observers to detect flaws in the cement mantles from standard radiographs has previously been questioned. Cadaver studies using high-resolution faxitron images of slices through cemented femora have shown that the method underestimates the prevalence of defects. 15 Assuming, however, that the sensitivity of observers was the same for both the failures and the controls, limited sensitivity would have caused the study to underestimate the significance of the associations reported, not to find spurious associations. Measurements from radiological data may be associated with errors of interpretation. This has been recognised in other studies in which interobserver and intraobserver errors using such radiological grading systems have been examined. 8, 9, 16 Using our simple techniques, we were able to detect variations in the appearance of THRs on initial postoperative radiographs. Moreover, these variations were predictive of failure. As in the case of limited sensitivity of observers to detect flaws in the cement mantle, poor reliability of the radiological assessments could only have led to underestimates of the associations reported, not overestimates. In particular, 'inadequate' cementation (Barrack grades C and D) has an odds ratio for failure of 9.5 (Table IV) . This refers to a THR with any of the following appearances: a defective or incomplete mantle, radiolucency of over 50% at the cement-bone interface, or a failure to cover the tip of the stem. Barrack et al 1 assessed 50 THRs and attributed a diminished incidence of aseptic loosening (2%) to improved second-generation cementing techniques. Adequate grades were achieved in 100%. This standard was not reproduced in our regional setting (Table III) While our study pays particular attention to the effect of the grade of cementation on the outcome, others have concentrated on the analysis of defects within individual Gruen zones. Ritter et al 11 reviewed a group of failures with a mean follow-up of 11.7 ± 7.1 years, and found that defects on the cement mantle in zone 5 were associated with failure. Star et al 10 reviewed 100 consecutive Zimmer
THRs undertaken between 1982 and 1985 and found that thin cement mantles in zones 5 and 6 were predictive of failure in nine cases. There were, however, no attempts to grade cementation in these studies or to describe the prevalence of defects in other zones, if indeed they existed. Certainly, there were more defects in all zones in our failure group compared with the control group, but this only reached statistical significance in zone 2. This may reflect an overall reduction in the quality of cementation in Prevalence of defects in the cement mantle for each Gruen zone. the failure group, but further studies using larger sample sizes may indicate whether other zones have special importance with regard to outcome. We conclude that defects in zone 2 are seen more commonly in our regional setting as a result of the variety of surgical techniques.
In summary, we have shown that inadequate cementing of Charnley stems occurs more frequently than expected in the wider NHS setting and that there are direct implications on outcome. The simplified grading system of Barrack et al 1 does not require sophisticated measuring equipment and could be used to determine those THRs which had careful follow-up. This system may be used to assess the cementing technique in the training of hip surgeons. Ten years have elapsed since the THRs investigated in our study were implanted. It may be that the quality of cement mantles has improved in the intervening period, and the TRAS awaits the opportunity to evaluate the results of current hip replacement surgery in the NHS. This will show if improvements in cementation have occurred.
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